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Rappresentazione dei principali componenti ed azioni effettrici del 
complemento 




> eventi precoci 



V eventi tardiv 



Vie di attivazione del complemento 

• Via Classica - rapida ed ef f icente 

- scoperta per prima 

- parte della risposta immunitaria acquisita 

- ha inizio quando gli anticorpi si legano ai 
microorganismi 

- i componenti precoci sono CI, C2, C4 

• Via Alternativa - più lenta meno eff icente 

- forse più importante per la difesa contro batteri 

- lavora in assenza di anticorpi specifici 

- protegge precocemente durante un' infezione 

- inizia con le molecole del complemento B, D, e 
properdina 



Nomenclatura 

Componenti attivi della via classica definiti da una C ed un 
numero progressivo (assegnato in ordine di scoperta non in 
base alla sequenza di attivazione) 

Componenti attivi della via alternativa indicati da una lettera 
dell'alfabeto (es. B, D) 

I prodotti proteolitici sono indicati con una a (frammenti 
piccoli) o b (frammenti più grandi); unica eccezione C2a in 
alcuni testi 

Nella via lectinica, MASP= mannose binding lectine associated 
serine protease 



Via Alternativa del Complemento 



Legame del complemento alla superficie del microbo 

- porta alla diretta deposizione di C3b O sulla 
superficie del microorganismo 

- C3b può attivare C5 e si ricongiunge alla via 
classica a questo punto 




C3 tickover (girare al minimo) 



Intact C3 
(inaccessible 
thioester group) 



Cleavage of 
C3 a chain 
by C3 convertase 



Accessible 
thioester cjroup 



s.g CTI 




Attachment to microbe, 
celi surface protein, 
or polysaccharide 



In fluid phase, 
C3b is inactivated 
by hydrolysis 



Covalent attachment of C3b 
to protein or polysaccharide 
by thioester linkage 
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Proteine della via alternativa del complemento 



Cleavage of additional 
C3 molecules by 
cell-associated 
C3 convertase 



C3b covalently binds to 
celi surface. binds to 
C3bBb lo lorm 
C5 convertase 



Cleavage of C5; 
initiation of late steps 
of complement actlvation 



P rote in 


Structure 


Serum 

concentration 
(mg/mL) 


Function 


C3 


185-kD (a-subunit, 
110-kD; b-subunit, 
75-kD) 


1000-1200 


C3b binds to the surface of the 
microbe, where it functions as 
an opsonin and as a component 
of C3 and C5 convertases 

C3a stimulates inflammation 
(anaphylatoxin) 


Factor B 


93-kD monomer 


200 


Bb is a serine protease and the 
active enzyme of the C3 and 
C5 convertases 


Factor D 


25-kD monomer 


1-2 


Plasma serine protease, cleaves 
factor B when it is bound to C3b 


Properdin 


Composed of upto 
four56-kDsubunits 


25 


Stabilizes C3 convertases 
(C3bBb) on microbial surfaces 



The Alternative Pathway 



Activated by C3b binding to pathogen associated surface 
components. 



Many strains of gram-negative bacteria 
Lipopolysaccharides from gram-negative bacteri; 
Many strains of gram-positive bacteria 
Teichoic acid from gram-positive celi walls 
Fungal and yeast celi walls (zymosan) 
Some viruses and vims-infected cells 
Some tumor cells (Raji) 
Parasites (trypanosomes) 




Via Classica del Complemento 

Legame di anticorpi specifici ad un 
microorganismo 

- Legano la componente CI del complemento 




The Classical Pathway 



Initiated by binding of C1 to Fc portion of antibody 

C1 is composed of 3 (a) 
different proteins 

2 molecules of C1r 

2 molecules ofC1s £J[ 

18 molecules of C1q 



Arranged in 6 
trimeric subunits 
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Binding ol 

antigen; binding ol 
Ci loanMMÒM 


4^ 




Binding ol Ci to 
Ig-assoclaledClq 






Cleavage ol C4 
byC1r p S?enzyme;^ 

surface and 
lo antibodies 

Binding of C2toC4; 
cleavage ot C2 lo 
(orni C4b2b complex 
(C3 convertase) 

Cleavage ol C3 by 
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Proteine della via classica del complemento 



Protein 


Structure 


Serum 

concentration 
(mg/mL) 


Function 


a 

(C1qr 2 s 2 ) 


750-kD 




Initiates the classical pathway 


Ctq 


460-kD; hexamer 
of three pairs 
of chains (22, 
23, 24-kD) 


75-150 


BindstotheFcportion of 
antibody that has bound antigen, 
to apoptotic cells, and to cationic 
surfaces 


C1r 


85-kDdimer 


50 


Serine protease, cleaves Cls to 
make it an active protease 


Cls 


85-kDdimer 


50 


Serine protease, cleaves C4 
and C2 


C4 


210-kD,trimer 
of 97-, 75-, and 
33-kD chains 


300-600 


C4b covalently binds to the 
surface of a microbe or celi, where 
antibody is bound and complement 
is activated 

C4b binds C2 for cleavage by C1 s 

C4a stimulates inflammatjon- 

(anaphylaloxin) ' 


C2 


102-kDmonomer 


20 


C2& is a serine protease and 
functions as the active enzyme of 
C3 and C5 convertases to cleave 
C3and C5 


C3 


SeeTable14-3 
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Formazione del Complesso di 
Attacco alla Membrana (MAC) 

Addition of C5 to C9 f orms MAC 

- punctures through plasma membrane 

- causes lysis of gram(-) bacteria and other cells 




| Inflammation | 



convertasi [ C5 ) 







Plasma membrane 









Membrane itfack 
comptex (MACi 

Abbas et al: Cellular and Molecular Immunologa Updated 6th Editori. 
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. AH rights reser 




PohyC9 



Celi 
lysis 




Componenti della sequenza terminale del complemento 



Protein 


Structure 


Serum 

concentration 
(mg/mL) 


Function 


C5 


190-kDdimer of 115- 
and75- kD chains 


80 


C5b initiates assembly 
of the membrane 
attack complex 

C5a stimulates inflammation 
(anaphylatoxin) 


C6 


110-kD monomer 


45 


Component ofthe MAC: bindsto 
C5b and accepts C7 


C7 


100-kD monomer 


90 


Component ofthe MAC: bindsto 
C5b,6 and inserts into lipid 
membranes 


C8 


155-kD trimerof 
64-, 64-, 22-kD 


60 


Component ofthe MAC: bindsto 
C5b,6,7 and initiates the binding 
and polymerization of C9 


C9 


79-kD monomer 


60 


Component ofthe MAC: bindsto 
C5b,6,7,8 and polymerizes to 
form membrane pores 




Importanza di C3 in tutte le vie di attivazione 

• Trigger ing is dif f erent f or each pathway 

• C3 is the most abundant complement protein in blood 

- cleavage of component C3 to C3a and C3b 

- C3a initiates inflammation 

- C3b attaches to microbe 

- C3b opsonizes microbe f or phagocytes 

- C3b helps form membrane attack complex 
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Regulation of Complement 

Complement is capable of killing pathogens AND host cells 
-so regulation of complement activity is criticai 

Two major mechanisms: 

1 . Short half life of activated complement factors 

2. Regulatory proteins 



Regolazione del Complemento: proteine regolatone sulla superficie 
delle cellule dell'ospite e non del patogeno 



On host cells, complement- 
regulatory proteins CRI, H, 
MCP, and DAF bind to C3b.CR1, 
H, and DAF displace Bb 



C3b bound to H, CRI, and MCP 
is cleaved by factor I to yield 
inactive C3b (iC3b) 




lack e 



regulatory proteins. Binding of 
properdin (factor P) stabilizes 
the C3bBb complex 



(l^C3bBb 



C3bBb complex is a C3 
convertase and deposits many 
molecules of C3b on the 
pathogen surface 



terminal complement components 



Fattore H regola solo la via alternativa 



Clq binds to antigen- 
complexed antibodies, 
resultino in activation 

Of C1I-2S2 



C1 INH 
prevents C1r2S2 
from becoming 
proteolytically active 



Formation of C4b2b DAF, MCP, 

complex (classical pathway and CR1 displace 
C3 convertase) | C2b Irom C4b 




Covalent 
attachment of C3b 
(or C4b) to cells 



MCP (and CR1) act as cofactors for 
Factor l-mediated proteolytic cleavage 
of C3b, producing iC3b 



MCP/ ^HactoM] C3t^ 



Regolatori del sistema di attivazione del complemento 



MCF= membrane 



conc. 200 mg/mL 



C4-binding 
(C4BpT 



Membrane 
cofactor 
for protein 

cofactor protein (mcpcd46) 

accelerating Nnker 
factor (DAF) rrpR 



displaces C2 
Cofactor for factor I- 
mediated cleavage of 



CD59 



ep^helialcells' 5 ' 



glycophosphatidylinositol; MAC, membrane attack complex. 
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Functions of the complement system (a) 



Opsonization and phagocytosis 




Binding of C3b (or C4b) Recognition of bound C3b Phagocytosis 
to microbe (opsonization) by phagocyte C3b receptor | of microbe 



From Abbas, Lichtman, & Pober: Cellular and Molecular Immunology. W.B. Saunders, 1999, Fig. 14-17a 



Opsonization 



^J^^Complement 
^^^Mj activation r-^m 




Phagocytosis 




Table 14-6. Receptors for Fragments of C3 



Receptor 


Structure 


Ligands | Celi distribution 


Function 


Typel 
complement 
receptor 
(CR1.CD35) 


160-250 kD 

multiple 

CCPRs 


C3b -■ C4b > iC3b 


Mononuclear 
phagocyles. neutrophils, 

erythrocytes. eosinophils, 


Phagocytosis 

Clearance ot immune 
complexes 

Promotes dissociatici 
ot C3 convertases 
by acting as cofactor 
for cleavage of C3b.C4b 


Type2 
complement 
receptor 
(CR2. CD21) 


145-kD; 
multiple 
CCPRs 


C3d, C3dg > iC3b 


B lymphocytes. FDCs. 

nasopharyngeal 

epKhelium 


Coreceptor for B celi 
activation 

Trapping of antigens 
in germinai centers 

Receptor (or EBV 


Type3 
complement 
receptor 
(CR3, Mac-1, 
CD11b/CD18) 


I ritegni), with 
165-kD a chain 
and 95-kD |i2 chain 


iC3b. ICAM-1 ; also 


Mononuclear phagocyles 
neutrophils. NK cells 


Phagocytosis 

Leukocyte adhesion 
to endothelium 
(via ICAM- 1) 


Type4 
complement 
receptor 
(CR4, p1 50/95, 
CD11C/CD18) 


tlOttaMt 
and 95-kD |J2 chain 


iC3b 


Mononuclear phagocytes. 
neutrophils. NK cells 


Phagocytosis, 
celi adhesion "> 


Abbreviations: CCPR. complement control protein repeat; FDC. follicular dendntic cell. I 
ICAM- 1 . intercellular adhesion molecule-1 



Functions of the complement system (b) 



Stimulation of inflammatory reactions 



C5a 




Binding of C3b to microbe, 
| release of C3a; proteolysis 
of C5, releasing C5a 





Recruitment and 
activation of 
leukocytes by C5a, C3a 



Destruction 
of microbes 
by leukocytes 



I C3a, C4a e C5a sono collettivamente note come anafilotossine, in quanto 
j hanno la proprietà di indurre la degranulazione dei mastociti, che è 
I tipica delle reazioni anafilattiche. 



Functions of the complement system (c) 



Complement cleavage products mediate 
inflammation 

- C3a, C4a, C5a are anaphylatoxins 

- Regulated by serum protease carboxypetidase N 

- Bind receptors on mast cells and blood basophils 

- Induce degranulation, release histamines and 
inflammatory mediators, induce smooth muscle 
contraction and increase vascular permeability 

- C3a, C5a, C5b67 induce monocytes and 
neutrophils to migrate to site of complement 



C5a (> C3a) induces exposure of P selectins on endothelial cells, endothelial celi 
contraction and production of TNF-a by mastocytes that, in turn, act on 
endothelial cells increasing adesiveness. 



Complement-mediated cytolysis 



Binding of C3b to microbe, 
activation of late 
I components of complement 



Formation of 
the membrane attack | 
complex (MAC) 









Osmotic 




lysis of 




microbe 



From Abbas, Lichtman, & Pober: Cellular and Molecular Immunology. W.B. Saunders, 1999, Fig. 14-17c 
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Functions of Complement 

6. Immune Complex Clearance 

The accumulation of soluble immune complexes can lead 
to disease 

Systemic lupus erythematosus (SLE) that arises in 
individuals that can't clear immune complexes 

Due to continuai activation of complement and 
the ensuing tissue damage 

C3b binding to antigen, along with antibody facilitates 
the removal of these complexes 

Due to recognition by CR1 and phagocytosis in the liver 
and spleen 



Immune Complex Clearance 



BLOOD 

? Soluble immune complex 



Complement ai 




DIMOSTRANO IL SUO RUOLO OMEOSTATICO 



Carenze nel sistema del complemento 





Deficienza di C1 -inibitore 
edema angioneurotico 
ereditario (angioedema) 
EDEMA di QUINKE 




Autosomico dominante 

Edema cute e mucose intermittente associato a vomito, diarrea, 

ostruzione delle vie aeree 

C1INH ridotto (<30%) ma non assente 

Mediatori patologia: C2 e bradichinina 

C1IHN regola anche callicreina e fattore XII coagulazione che portano 
a formazione di bradichinina 



Emoglobinuria Parossistica 
Notturna 



Deficit di un enzima (PIG) coinvolto nella sintesi 
delle code glicolipidiche di molte proteine di 
membrana. Proteine GPI-linked non possono 
ancorarsi in membrana (DAF e CD59). 

Il DAF non regola la C3 Convertase, il CD59 
non regola la formazione del MAC. 

Emolisi intra-vascolare per mancato controllo 
del Complemento sulla membrana eritrocitaria 



PIG-A codifica per una proteina, la glicosil-fosfatidil- 
inositolo glican-A, che è responsabile del trasferimento 
al fosfatidil-inositolo di una N-acetilglucosamina 
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